Objectives -To investigate the relative importance ofpatient and general practice characteristics in explaining variations between practices in the uptake of breast cancer screening. Design -Ecological study examining variations in breast cancer screening rates among 131 general practices using routine data. Setting -Merton, Sutton, and Wandsworth Fam.il.y Health Services Authority, which covers parts of inner and outer London. Afain outcor.ne r.neasure -Percentage of eligible women aged 50-64 who attended for mammography during the first round of screening for breast cancer (1991)(1992)(1993)(1994).
Abstract
Objectives -To investigate the relative importance ofpatient and general practice characteristics in explaining variations between practices in the uptake of breast cancer screening. Design -Ecological study examining variations in breast cancer screening rates among 131 general practices using routine data. Setting -Merton, Sutton, and Wandsworth Fam.il.y Health Services Authority, which covers parts of inner and outer London. Afain outcor.ne r.neasure -Percentage of eligible women aged 50-64 who attended for mammography during the first round of screening for breast cancer (1991) (1992) (1993) (1994) . Results -Of the 43 063 women eligible for breast cancer screening, 25 826 (60%) attended for a mammogram. Breast cancer screening rates in individual practices varied from 12· 5% to 84· 5%. The estimated percentage list inflation for the practices was the variable most highly correlated with screening rates (r= -0·69). There were also strong negative correlations between screening rates and variables associated with social deprivation, such as the estimated percentage of the practice population living in households without a car (r= -0·61), and with variables that measured the ethnic make-up of practice populations, such as the estimated percentage of people in non-white ethnic groups (r= -0·60). Screening rates were significantly higher in practices with a computer than in those without (59· 5% v 53·9%, difference 5·6%, 95% confidence interval 1·1 to 10·2%). There was no significant difference in screening rates between practices with and without a female partner; with and without a practice nurse; and with and without a practice manager.
In a forward stepwise multiple regression model that explained 58% of the variation in breast cancer screening rates, four factors were significant independent predictors (at P = 0·05) of screening rates: list inflation and people living in households without a car were both negative predictors of screening rates, and chronic illness and the number of partners in a practice were both positive predictors of screening rates. The practice with the highest screening rate (84·5%) contacted all women invited for screening to encourage them to attend for their mammogram and achieved a rate 38% higher than predicted from the regression model.
Breast cancer screening rates were on average lower than cervical cancer screening rates (mean difference 14·5%, standard deviation 12·0%) and were less strongly associated with practice characteristics. Conclusions -The strong negative correlation between breast cancer screening rates and list inflation shows the importance of accurate age-sex registers in achieving high breast cancer screening rates. Breast cancer screening units, family health services authorities, and general practitioners need to collaborate to improve the accuracy of the age-sex registers used to generate invitations for breast cancer screening. The success of the practice with the highest screening rate suggests that practices can influence the uptake of breast cancer screening among their patients. Giving general practitioners a greater role in breast cancer screening, either by offering them financial incentives or by giving them clerical support to check prior notification lists and contact nonattenders, may also help to increase breast cancer screening rates. Breast cancer is the most important cancer among women in England and Wales, 1 resulting in about 27 000 new cases" and 14 000 deaths every year." The results of randomised controlled trials of screening for breast cancer using mammography suggest that screening can reduce the mortality from breast cancer by nearly 30% in women aged 50 and over.t" After the publication of the Forrest report in 1986 6 a national screening programme for breast cancer was introduced, in which women aged 50-64, who were registered with a general practitioner, were invited for screening every three years. Early results from the screening programme have shown that there is a large regional variation in screening rates, from 56% to 84%/ most of which is likely to be due to regional differences in the social and ethnic characteristics of the patients invited for screening.
Although general practitioners have a smaller role in screening for breast cancer than in screening for cervical cancer, there is evidence that the anitude of general practitioners can also influence breast cancer screening rates.f" Because no previous study in England has examined variations in breast cancer screening rates at general practice level, we set out to investigate the relative importance of patient 
Methods
The family health services authority provided the following data for 131 practices that were administratively accountable to it: total list size; number and sex of partners; whether the practice was computerised; whether the practice employed a practice manager or a nurse; and the cervical smear screening rates achieved by the practices (defined as the number of women who had undergone a cervical smear in the five and a halfyears before 31 March 1994 as a percentage of the total number of eligible women). Ninety per cent (601247/671584) of the patients registered with these 131 practices lived in Merton, Sutton, and Wandsworth. For each practice we calculated a number of census derived variables (box) from the authority's age-sex register and from census data for enumeration districts. The method of calculation of these variables was described in an earlier paper.10
CALCULATION OF BREAST CANCER SCREENING RATE FOR PRACTICES
Screening for breast cancer in Merton, Sutton, and Wandsworth follows the recommendation in the Forrest report that all women aged 50 to 64 who are registered with a general practitioner are invited for screening over a three year period. Women eligible for screening are identified through family health services authority age-sex registers and a prior notification list is sent to each general practice for amendment to names, addresses, and dates of birth, and also to identify women in whom a mammogram is not clinically indicated. After return of this prior notification list, eligible women are invited for screening. When women do not attend their general practitioner is notified. Women who do not attend within six months of their invitation are classed as non-attenders.
For each practice in Merton, Sutton, and Wandsworth, the South West London Breast Screening Service supplied data on the number of women aged 50 to 64 invited for screening and the number that actually attended during the first round of screening (1991 to 1994). The breast cancer screening rate was defined as the number of women attending for screening as a percentage of the total number of women invited, after excluding women in whom the invitation letter was returned by the Post Office, and women in whom a mam--rnogram was not clinically indicated (usually because they had a terminal illness or had already had bilateral mastectomies).
ASSOCIATION BE'IWEEN SCREENING RATES AND PATIENT AND PRACTICE VARIABLES
The breast cancer screening rates for the practices were correlated with the census derived variables produced for the practices, using Pearson's product moment coefficient. Correlations were defined as statistically significant if the P value obtained from a two tailed test of significance was less than 0·05. We also examined the association between screening rates and practice characteristics using rtests and analysis of variance as appropriate, and compared screening rates for breast and cervical screening in relation to patient and practice characteristics. We then used forwards stepwise multiple regression to construct a model with breast cancer screening rates as the dependentvariable, and the census derived variables and the practice variables as the independent variables. Finally, we assessed the validity of using multiple regression analysis with normal errors by taking the variables in our regression model and fitting a binomial regression model with a logit link function using GUM. 11 The number of women attending for screening was regressed on the explanatory variables with the number of women eligible for screening as the denominator. Extrabinomial variation was investigated using the method of Williams. iz
Results
Of the 43 063 women eligible for screening, 25826 (60%) attended for a mammogram during the first round of screening. Screening rates in individual practices ranged from 12·5% to 84·5% (mean 57,7%, standard deviation 12'6%), an almost sevenfold variation. The distribution of screening rates was negatively skewed (fig 1) . Only three practices (2%) had screening rates of greater than 80%; 95 (73%) practices had screening rates of between 50% and 80%; and 33 (25%) practices had screening rates of less than 50%. Of the women who attended for screening, 1136 (4'4%) were recalled for further assessment and 281 (1,1 %) underwent a biopsy. The cancer detection rate was 7·3 per 1000 (189/25 826) women screened.
ASSOCIATION BETWEEN SCREENING RATES AND CENSUS DERIVED VARIABLES
The strongest negative correlation was with the estimated list inflation for the practices (r= 90 121 -0'69, fig 2) . There were also strong negative correlations with variables that measured the ethnic make-up ofpractice populations, such as the percentage of patients in non-white ethnic groups (r= -0'60), and with variables associated with social deprivation, such as people living in households without a car (r= -0'61) and people living in overcrowded households (r= -0'60). However, the practice with the highest screening rate in Merton, Sutton, and Wandsworth achieved this distinction despite being located in an area with high list inflation (fig 2) .
ASSOCIATION BETWEEN SCREENING RATES AND PRACTICE CHARACTERISTICS
Breast cancer screening rates were significantly higher in practices with a computer than in those without (table 1) . There was no significant difference in screening rates between practices with and without a female partner; practices with and without a practice nurse; and practices with and without a practice manager. Screening rates were also higher in larger practices (table 2), but differences in screening rates between practices of different size failed to reach significance (ANOVA, P=0·10).
MULTIPLE REGRESSION ANALYSIS
Entering the census derived variables listed in table 3 and the terion of P = 0'05 resulted in a multiple correlation coefficient of 0'76, with four variables explaining 58% of the variation in breast cancer screening rates (table 4 ). The estimated list inflation and percentage of people living in households without a car were both negative predictors of screening rates; the estimated percentage of the practice population with chronic illness and the number of partners in a practice were both positive predictors of screening rates. Increases of one standard deviation in list inflation (7'1 %) and people living in households without a car (10'4%) led to decreases of5'5% and 6·0% respectively in the predicted screening rate. An increase of one standard deviation in chronic illness (2'0%) led to a 2·8% increase in the predicted screening rate, and for each increase of one in the number of partners in a practice there was an increase of 1·1 % in the predicted screening rate.
VALIDITY OF USING LEAST SQUARES REGRESSION
A binomial regression model including the same four variables as in the multiple regression model resulted in a "I: goodness of fit statistic of 835 on 126 degrees of freedom, evidence of marked lack of fit and strongly suggesting that a model allowing for extra-binomial variation was appropriate. Fitting a model which allowed for extra-binomial variation resulted in a X 2 of 129, and a satisfactory fit. The t values from this model were almost identical with those of our normal linear regression. Moreover, the coefficients from the two approaches were also very similar except for a scale factor because in the range 10% to 90% (within which all our breast screening rates lay), rates and their logistic transform are almost linearly related. Such results are to be expected because the percentage of women screened in each practice was based on a reasonable number of women (average 197), and the average sampling error could only explain a relatively small percentage of the unexplained variation in screening rates between the practices.
COMPARISON OF BREAST AND CERVICAL CANCER

SCREENING RATES
Cervical cancer screening rates ranged from 32·7% to 93·4% (mean 72'2%, standard deviation 15'9%). Although breast and cervical cancer screening rates were highly correlated (R=0'67, P<O'OOOI), for most practices, cervical cancer screening rates were higher than those for breast cancer (mean difference 14· 5%, standard deviation 12'0%). The difference was greatest in practices with high cervical cancer screening rates; all practices with cervical cancer screening rates of greater than 70% had higher rates for cervical cancer screening than for breast cancer screening, whereas practices with cervical cancer screening rates of below 70% had on average similar rates for breast and cervical cancer screening (fig 3) . Cervical cancer rates were also more strongly associated with practice characteristics than were breast cancer screening rates. For example, cervical cancer screening rates increased more with practice size than did breast cancer screening rates (table 2) . Cervical cancer screening rates were also significantly higher in practices with a female partner than in those without; in practices with a practice nurse than in those without; and in practices with a practice manager than in those without (table 1) .
Discussion
This is the first study in England to investigate variations in breast cancer screening rates at general practice level. We found a nearly sevenfold variation in screening rates, from 12·5% to 84.5%. The screening rate of 60% in Merton, Sutton, and Wandsworth was much lower than the national rate in 1991-92 of 71· 3%, illustrating the difficulties in achieving good uptake rates for screening programmes in areas with high list inflation and social deprivation. We also found that while patient factors were highly correlated with screening rates, practice factors were less strongly associated with breast cancer screening rates and markedly less so than with cervical cancer screening rates.
PATIENT AND PRACTICE FACTORS
Our estimate of list inflation for the practices was the variable most highly correlated with breast cancer screening rates. List inflation is greatest in areas of high population mobility, and the correlation between list inflation and screening rates is probably a reflection of the size of the "wrong address" problem and the number of "ghost" patients in such areas. 13 14 Accurate addresses are particularly important for breast cancer screening because screening is by invitation (unlike screening for cervical cancer which can either be by invitation or opportunistic). Screening rates were also negatively correlated with variables that measured the ethnic make-up of practice populations and with variables associated with social deprivation. These findings are consistent with those of previous studies, which have found that women from ethnic minorities and from deprived areas were less likely than others to attend for breast cancer screening. [15] [16] [17] Practice factors were only weakly associated with breast cancer screening. Screening rates were only slightly higher in the larger than in smaller practices, and in computerised than in non-computerised practices. There was no significant difference in screening rates between practices with or without a female partner, practice nurse, or practice manager.
MULTIPLE REGRESSION ANALYSIS
In our multiple regression analysis, list inflation and people living in households without a car were both negative predictors of breast cancer screening rates, whereas chronic illness and the number ofpartners in the practice were positive predictors of screening rates. General practices serving deprived, highly mobile populations will have difficulty achieving high uptake rates for screening services. Larger practices are more likely to be computerised and employ attached staff; this may allow these practices to maintain more accurate age-sex registers and to spend more time checking prior notification lists. The explanation for the association between chronic illness and screening rates is less clear as there was no significant correlation between chronic illness and screening rates in the univariate analysis.
The difference between the observed and predicted breast cancer screening rates for a practice gives an indication of how well the practice is performing compared with the performance expected. The practice with the highest screening rate in Merton, Sutton, and Wandsworth achieved a rate 38% higher than predicted; this was a single-handed general practice in which the principal contacted all women invited for screening to encourage them to attend for their mammogram. The result achieved by this practice, which was located in a relatively deprived area with high list inflation and a high ethnic minority population, suggests that general practitioners can influence the uptake of breast cancer screening.
COMPARISON WITH CERVICAL CANCER SCREENING
The differences between screening for breast and cervical cancer probably occur because practices have more control over screening for cervical cancer than for breast cancer"; for example, practices can carry out opportunistic smears on women who have not previously attended for screening. Practices are also paid for cervical screening and this financial incentive is likely to increase cervical cancer screening rates. The age range of the women invited for breast cancer screening (50-64 years) is different from that of women invited for cervical cancer screening (20-64 years). However, cervical cancer screening rates are as high in older women as in younger women," and the difference in the age ranges of women screened for breast and cervical cancer seems unlikely to be the explanation for the difference in screening rates.
LIMITATIONS OF METHODS
We have discussed the main limitations of our methods in previous papers. 10 20 Firstly, in calculating our census derived variables, we assume that patients are representative of the enumeration district in which they live. If this is not the case then the census derived variables for the practices will be inaccurate. However, our previous work suggests that our variables are reasonably accurate estimates of the characteristics of practice populations.'? Secondly, there is collinearity between many of the variables. For example, list inflation is highly correlated with both overcrowding (r= -0'64) and ethnicity (r= -0-68). Therefore, replacing list inflation in our multiple regression model with either of these variables results in models with similar predictive power (multiple R in regression model: 0·76 with list inflation, 0·70 with ethnicity, and 0·69 with overcrowding). Thirdly, associations at the population level may not hold at the individual level (the ecological fallacy);" Finally, although we had information on the structure of practices, we had no data on how well the practices in this study followed the recommended guidelines for breast cancer screening.
IMPLICATIONS FOR BREAST CANCER SCREENTNG
Our results show that breast cancer screening rates are lower in general practices that serve deprived, highly mobile populations than in those that serve more affluent populations but that the attitude of general practitioners can influence breast cancer screening rates. How can breast cancer screening rates be raised in deprived areas? The most important factor will be ensuring that family health services authority and general practice age-sex registers are accurate. 2223 Patients need to be aware of the importance of notifying their general practitioners of any change of address, and general practitioners in turn of notifying the family health services authority. Many practices do attempt to keep their age-sex registers as accurate as possible. Practices are also sent a prior notification list for breast cancer screening, but there is considerable variation in the effort practices put into checking these lists"
What else can practices do to increase breast cancer screening rates? Some practices en-Majeed, Cook, Given-Wilson, Vtlcchi, Poloniecki courage women to attend for screeningand will flag the notes ofnon-attenders. However, practices are not paid for this work, and with limited staff resources, many general practitioners may not see breast cancer screening as a priority for their own practice. Uptake rates for cervical cancer screening (for which general practices are paid) were on average higher than uptake rates for breast cancer screening and this suggests a possible role for financial incentives.25 However, the introduction of target payments for breast cancer screening is likely to be controversial, and is an area in which further discussion would be required between general practitioners, the Department of Health and the NHS Breast Screening Service. Alternatively, breast cancer screening units could offer clerical support to general practices, for example, to check prior notification lists and to contact non-attenders, but they would require increased funding to be able to do this.
